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Blood Serum Vitamin A and Carotene
Studies of Preadolescent Children
Dorothy S. Moschette
School of Home Economics
Although more than 25 years have elapsed since it was demonstrated
that the animal body could convert carotene into vitamin A (9y, how
the conversion is accomplished is not known. There also remain un-
answered questions concerning the metabolic role of these two nutrients
in the human being and in the relationship between serum concentra-
tions of vitamin A and carotene. Whether or not much of the carotene
of the circulating blood can be converted into vitamin A is still unde-
termined.
Serum vitamin A levels have been said to be highly characteristic of
the individual and less characteristic of vitamin A intake (4). Because
of this and the difficulties inherent in the analytical methods, Caster and
Mickelson challenged the reliability of serum levels of vitamin A as
indicators of nutritional status. They suggested that the determination
of serum carotene levels was the better procedure in vitamin A studies
with humans. Conversely, the editor (10) of Nutritional Status U.S.A.
has written that the serum vitamin A is the true criterion of vitamin A
nutriture rather than serum carotene, which she considers to be only
a measure of current carotene intake.
The Home Economics Research Division of Louisiana Agricultural
Experiment Station has been studying the vitamin A and carotene serum
levels of preadolescent children for the past 15 years. Even though the
unsolved questions have not been answered, in view of the large sample
that has been analyzed the findings relative to associations between these
factors are considered pertinent and attention is focused on the com-
plexities of vitamin A nutrition encountered.
Purpose
This report is concerned with an evaluation of the nature and magni-
tude of variability of serum levels of vitamin A and carotene, and the
relationship of these two nutrients in the blood to each other and to
other factors. The immediate objectives of this study as described here
were five:
1. To study the relationship of age, sex, season, and location of
subjects among the four agricultural areas of Louisiana to the
mean serum levels of vitamin A and carotene.
^Italicized numbers in parentheses refer to literature cited.
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2. To determine the associations between vitamin A concentrations
and carotene concentrations in relation to several variables.
3. To characterize the magnitude o£ weekly variations encountered
in a random sample o£ a survey group.
4. To define the number of samples which must be analyzed to yield
reliable values.
5. To characterize the magnitude of individual variations encountered
in selected groups of the same age and sex on controlled dietary
regimens living under standardized conditions.
Description of Sample
The seven experiments from which the data in this report have been
drawn were of two types: surveys of nutritional status and carefully
controlled metabolic balance studies.
Of the first type, three studies, designated as Experiments I to III,
were included. These experiments were as follows:
I. Nutritional Status of Louisiana Elementary School Children in the
Four Agricultural Areas of the State. This work was done in the years
1947 to 1949 and was limited to approximately 600 subjects ranging
in age from 8 to 13 years (7, 8, 12). The number of subjects selected
from each area was determined by the proportion of the elementary
school population of the area to that of the entire state.
II. Nutritional Status of Preadolescent Boys and Girls in Selected
Areas of Louisiana. (13). This study, conducted in 1950 and 1951, was
limited to children 8 through 11 years of age, an equal distribution of
boys and girls, and to at least 100 subjects from any chosen community.
The schools in the five selected parishes varied in type and character
from a small rural school in the bayou area to a large urban school in a
choice residential area.
///. Weekly Variations of Vitamin A and Carotene Concentration in
Blood Serum of Preadolescent Children. As a part of Experiment II,
blood nutrient determinations were repeated at a weekly interval for
351 of the 552 children examined during 1950 and 1951 sessions. This
was done to determine the variations in mean values obtained for a
given group at two different dates as well as to determine the magnitude
of individual subject variations within a weekly interval.
The metabolic studies, numbered IV to VII, were as follows:
IV. Metabolic Studies with Preadolescent Girls: Utilization of Caro-
tene. (14). For six girls aged 8 to 11 years, a preliminary observation
period of six weeks provided data concerning: (1) the subjects' normal
intake of vitamin A and carotene and (2) serum levels of these nu-
trients on unrestricted dietary intakes. A controlled study for nine weeks
provided information as to serum levels of vitamin A and carotene on
a daily intake of 3,600 meg. of beta-carotene in sweet potatoes as the
sole source of vitamin A in the diet.
V. Blood Serum Vitamin A and Carotene Concentrations of 11 Pre-
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adolescent Girls on a Controlled Dietary Intake. {3). The controlled
diet of these 7- and 8-year-old girls met the National Research Council's
recommended allowances (5) for all nutrients. Two-thirds of the vitamin
A intake (3,850 I.U.) was derived from animal sources. The same diet
was repeated every 4 days for the 64 days of the controlled study and
blood samples were collected for each 4-day interval. The subjects lived
under standardized conditions and close supervision in two groups of
five and six each in two different locations. Five of the 1 1 subjects were
Louisiana children.
VL Determination of Blood Serum Vitamin A and Carotene of 12
Preadolescent Girls on a Controlled Diet. (15). The conditions of this
study were very similar to those of Experiment V with the exception
that all 12 girls were housed together and the vitamin A intake as cal-
culated averaged 3,500 I. U. daily. The caloric and protein contents
of the diets were adjusted to the weight of the subjects. There were four
groups of three subjects each grouped according to weight. Louisiana
participated in this experiment (16) and was solely responsible for the
drawing of blood samples and all analyses for vitamin A and carotene.
The children, however, were not housed in Louisiana, nor were they
Louisianians.
VII. Metabolic Patterns in Preadolescent Children: Effect of Low
Protein on Serum Levels of Vitamin A and Carotene. In 1958 the
experiment was conducted to determine metabolic patterns when the
dietary protein was reduced to less than 1 gm. per kg. body weight
daily and when all other dietary constituents were held at the usual
recommended levels (NRC) for 14 subjects 7 to 9 years of age. The
diet as analyzed supplied 22.1 gm. of protein and 2,200 calories per
subject per day. The vitamin A value of the diet as calculated was
2,687 LU., 25 percent of which was derived from animal sources.
Louisiana was again solely responsible for the vitamin A and carotene
studies. The girls were housed and fed under the same conditions as
those in Experiment VL
Procedure
Methods for Vitamin Analyses
The detailed procedures for each of these experiments from which
data were drawn have been described. Serum vitamin A and carotene
were determined by the micro-chemical procedures (1) in every case
with the exception of Experiment L Here the macro-chemical method
(6) was employed. In the survey studies. Experiments I to III, blood
samples were taken between 9 a.m. and 12 noon without any attempt
to obtain fasting blood samples. For the controlled metabolic studies
fasting samples were drawn between 7 a.m. and 8 a.m. as the subjects
arose. In each of the experiments all vitamin A and carotene determina-
tions were made by one technician, thereby eliminating one source of
variance.
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The nutritional values of the diets were calculated with the use
of the U.S.D.A. Agriculture Handbook Number 8 {18). For foods pecu-
liar to this area, the nutritive value of the recipe was calculated on
the basis of typical recipes obtained from the families. The mean
nutritive intakes have been determined, described, and correlated with
serum levels of specific nutrients {14, 5, 15).
Statistical Methods
Correlation or association between observed factors in the studies
is expressed by standard statistical methods {17). The coefficient of
correlation was used to express the degree of relationship between
serum vitamin A and carotene for each group and between each of
these two nutrients and each variable included. The significance of
the differences in serum concentrations of vitamin A and carotene in
relation to the length of time the subjects consumed the controlled
diets and the differences between the individual subjects' serum levels
were determined by analyses of variance. For the weekly variations the
analysis of variance was used to separate the variability of the vitamin
A and carotene measurements into their separate components—that is,
variability due to differences among subjects, between dates and that
due to uncontrolled error of the biochemical analyses. On the basis of
these data the number of subjects, times or replicates and duplicate
analyses from a given sample needed to give valid results have been
ascertained.
Tests for the significance of the differences between mean serum
values for (a) all ages studied, (b) both sexes at each age level, and (c)
the four areas within the state, were applied to the data from the
survey groups.
Findings and Discussions
In reporting the findings, the results along with the related discus-
sions have been grouped into five divisions and will be given in the
same order as was listed in the five objectives of this report.
I. Serum Concentrations — Survey Groups
Mean serum concentrations of vitamin A and carotene in relation
to age, sex, season and location within Louisiana are given in Tables
I to VI. The distribution of these serum levels according to age and
sex are presented in Tables III and IV. The mean values with ranges
according to schools and the four agricultural areas within the state
are listed in Table V. Seasonal variations are found in Table VI.
Table VII shows the percentage distribution of Louisiana children
according to classification by "Levels of Nutrition" (2) as indicated by
serum vitamin A and carotene concentrations.
Age
The 959 children in the overall survey group (Table I &: II) for
whom values are given ranged in age from 8 to 13 years. In Experiment
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1 there were few 8-year-olds but children 12 and 13 years o£ age were
included. Experiment II was limited to subjects 8 through 11 years,
approximately 50 percent of which were 10 and 11 years of age. The
13-year-olds constituted slightly less than 5 percent of the total group.
The mean vitamin A for these groups increased with age from 36.3
mcg.% for the 8-year-olds to 45.9 mcg.% for the 13-year-olds (Table I).
For carotene a converse trend was seen; the means dropped from 126.8
mcg.% for 8-year-olds to 99.2 nicg.% for the 13-year-olds (Table II).
Tests for the significance of the difference between means for all ages
proved that the mean serum vitamin A for the 12-year-olds was sig-
nificantly higher than the means of 8-, 9-, and 10-year-olds and the mean
serum level of vitamin A for the 13-year-olds was significantly higher
than those for the 8-, 9-, 10-, and 1 1 -year-olds. Similar tests applied to
carotene concentrations showed the mean for the 8-year-olds was sig-
nificantly higher than those from the 12- and 13-year-old groups
(Figure 1).
Tables III and IV show the distributions by stated intervals of the
serum values for these two nutrients, for both age and sex. Although
the ranges are fairly wide (0 to 99 mcg.% for vitamin A and 23 to 414
mcg.% for carotene), the percentages in the upper and lower extremes
were exceedingly small. A classification of the individual serum values
in terms of "levels of nutrition," as suggested by Bessey and Lowry,
placed over three-fourths of the subjects in or above the "good" level
for vitamin A. Sixteen percent rated "fair" and approximately 8 percent
"poor." The distribution of individual carotene serum values showed a
smaller percentage in the higher levels, according to the same classifi-
cation; 36.7 percent rated good, 46.1 percent, fair, and 17.2 percent, poor.
This trend was true not only for the group as a whole but for each
age group (Table VII). Approximately 80 percent of the 12- and 13-year-
olds had serum vitamin A values that rated "good" or better. For the
8-
,
9-, 10-, and 1 1 -year-olds, the percentages of each age group with
"good" carotene levels ranged from approximately 55 percent for the
9-year-olds to 17 percent for the 12-year-olds. The differences in the
percentages of each age group having high vitamin A levels were not
as great as this.
Sex
Five hundred four cases of the 959 carotene values reported were for
males and the remaining 455 were for females. For vitamin A the dis-
tribution was even closer as there were 483 boys and 446 girls for whom
serum values were obtained. The division between male and female
subjects in each age group was approximately equal with the exceptions
of the 13-year-olds and in vitamin A serum values for the 11 -year-olds
and in carotene values for the 8-year-olds. In the latter instances the
number of male subjects was 16 and 25 percent greater than the
females (Tables III and IV).
No statistically significant differences were found between the mean
serum levels for boys and girls in any age group for either vitamin A
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or carotene. Although not statistically significant, the males did have
higher mean carotene concentrations than did the females for each
age group, indicating a generally higher serum carotene concentration
for the boys in this study (Figure 1).
Agricultural Areas Within Louisiana
A wide variation in dietary patterns from one agricultural area of
Louisiana to another has been observed and described (<^, 7, 11). Be-
cause of these known differences in total food intake as well as sources
of vitamin A and carotene, it was considered desirable to ascertain
whether or not there were significant differences in the vitamin A
status of children living among these areas and within the schools of
an area.
Louisiana has been divided into four areas depending on the types
o£ land and crops grown (Figure 2). Area A, the southeastern section,
is known for its sugar plantations and truck farming, but also includes
large urban and industrial areas. In Area B, the southwestern section,
rice is the principal crop. The northern part of the state was divided
into Area C, the Red River and Mississippi River Delta lands, and
FIGURE 2.—Division of Louisiana according to types of farming.
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i
Area D, the upland area, in both of which cotton is the principal crop.
An analysis of the diets of children in these areas has shown the intake
of yellow and green vegetables to be lower in Area C and higher in
Area D than the average for the state. The children in Areas A and C
consumed larger quantities of margarine and butter than did the
others. The consumption of milk was adequate in all areas. A striking
difference in choice of cereal foods was noted. Rice was used most
frequently in Areas B and C, grits and spaghetti in Area A and corn-
meal in Area D.
The mean serum vitamin A concentrations of 48.1 ± 18.0 mcg.%
and 41.1 ± 7.5 mcg.% for areas B and D, respectively, were significantly
higher than those of 37.6 ± 12.8 mcg.% for Area A and 35.8 zb 14
mcg.% for Area C (Table V). The difference between the means of
Areas B and D or between Areas A and C was not statistically significant.
The mean serum carotene levels of subjects in Area A were signifi-
cantly higher than those of all other areas. There were no other sig-
nificant diffrences between the mean levels of serum carotene for the
subjects among the other agricultural areas.
Before commenting upon the means for the different schools, it
should be pointed out that 3.7 percent of the subjects in these survey
studies were from four institutional homes for children. Children from
these homes were attending public elementary schools in two areas,
A and C. In area A the children were from two homes, Gumbel of
New Orleans and Protestant Orphanage of Baton Rouge and are so
listed. The other two groups of subjects, from The Baptist Children's
Home of Monroe and The Masonic Home of Alexandria, were in
Area C (Table V).
The mean serum vitamin A of 43.7 mcg.%o ^or the children in the
Baptist Home, Monroe, was above the state average of 38.3 mcg.%.
The means for the other three groups were very much lower. With the
exception of these three orphanage groups the mean serum concen-
tration for each school group was above 30 mcg.%, which has been des-
ignated "good." Twelve of the 20 school groups had mean serum
vitamin A above the state average.
The carotene values differed in trend from the vitamin A values in
several schools. In the three orphanages with the low vitamin A serum
levels, high serum carotene concentrations were found. Only four
other school groups have values for carotene that rated "good," that
is above 125 mcg.% (Table V).
Season of Year
The examinations of the school children were conducted over the
9 months of the regular school year, that is from September through
May. When the results from the individual schools were computed on
the basis of fall (Sept., Oct., and Nov.), winter (Dec, Jan., and Feb.),
and spring (March, April, and May), no real seasonal difference was
seen for serum levels of vitamin A (Table VI). Although for fall the
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FIGURE 3.—Regression lines for carotene in terms of vitamin A and for vitamin A in
terms of carotene.
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mean serum vitamin A was somewhat lower than for winter and
spring, it may be readily seen that for 139 of the 161 subjects studied
in the fall months the mean was over 40 mcg%. The lower mean
for fall was due to the very low serum vitamin A of the other 22
children from the three orphanages.
The mean serum carotene concentration was highest in the fall
months with the greatest variation between individual school groups
occurring during the winter months (Table VI).
II. Associations Between Serum Vitamin A
And Carotene Levels and Other Factors
1. Coefficient of Correlations between Serum Vitamin A and Serum
Carotene
Both positive and negative correlations of coefficients (r) between
serum vitamin A and serum carotene were found in these studies and
have likewise been reported in other studies of nutritional status.
The regression lines for carotene in terms of vitamin A and for
vitamin A in terms of carotene were plotted for the combined sub-
jects (937) from Experiments I and II (Figure 3). As can be seen from
the slope of the lines, the association was not a close one. For these
data r was found to be -0.12. Although this was statistically significant
because of the large number of cases, the correlation was too low to be
considered nutritionally important.
When the work in Experiment II was completed, a statistically sig-
nificant positive correlation coefficient of 0.370 between the values for
serum vitamin A and serum carotene was obtained. After finding this
difference in the relationship of these two blood constituents, a series
of computations and a study of analytical methods were initiated in
an attempt to explain, if possible, to what these apparently different
relationships could be attributed or if they were merely due to chance.
As has been stated, a macro-chemical analysis of blood samples ob-
tained by venipuncture was used in Experiment I while micro-chemical
analysis of samples drawn by finger-tip puncture was used in all the
TABLE VII.—Percentage Distribution of Subjects of Each Age According to Serum
Levels of Vitamin A and Carotene
Age
Classification 8 9 10 11 12 13
Vitamin A in Serum:
Below 19 mcg.% (Poor) 1.6 7 13 7 13 8
20 to 30 mcg.% (Fair) 21.4 23 17 15 7 12
Above 30 mcg.% (Good) 77.0 70 70 78 80 80
Carotene in Serum:
Below 74 mcg.% (Poor) 9 9 12 22 30 32
75 to 125 mcg.% (Fair) 43 36 53 51 53 49
Above 125 mcg.% (Good) 48 55 32 27 17 19
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other studies included. To compare the values obtained for the same
subject by these two procedures, non-fasting blood samples were drawn
simultaneously by both veni-puncture and finger-tip puncture from
25 subjects. The venous samples were analyzed by both methods. The
two types of blood, that is venous and capillary, for each subject were
both analyzed by the micro-chemical technique. Although there were
variations in values obtained, the variations were not consistent either to
method or to type of blood samples. In Experiment VI fasting blood
samples from both vein and capillary were drawn from each of the
12 subjects at the beginning and end of the eight-week study. The
means for the venous samples and the capillary samples, both analyzed
by the micro-method, were not significantly different for vitamin A
concentrations at either time or for carotene at the beginning of the
experiment. There was a highly significant difference betwen the mean
carotene levels of the venous and capillary blood at the end of the
experiment.
Having ruled out analytical methods as a variable, three factors—
(a) age of groups, (b) season of year, and (c) location of subjects within
schools in the different agricultural areas—were investigated (Tables
VII, VIII, and IX). Since 12- and 13-year-olds had been included in
Experiment I, but not in Experiment II, an analysis was made for 743
subjects, 8 to 11 years, omitting the 12- and 13-year-old sujbjects. For
TABLE IX.—Correlations of Serum Vitamin A and Carotene for Individual Schools
in Experiment I and II
No. of Mean mcg.% Levels of
Group Subjects Vitamin A Carotene r Value Significance
Experiment I (1947-49)
Marksville 25 52 93 -0.4803 5%
Dufrocq 25 49 124 -0.4323 5%
Bunkie 34 46 104 -0.5486 1%
La. Baptist 12 44 66 -0.6520 5%
Ruston 49 43 116 -0.1928 none
Wisner 30 42 78 -0.7580 1%
Breaux Bridge 33 41 104 -0.7211 1%
.
Winnsboro 51 41 91 -0.5917 1%
Winnfield 52 41 104 -0.7343 1%
L.S.U. Lab. School 30 38 132 -0.9803 1%
Plaquemine 41 29 108 -0.2065 none
Gumbel Home 10 29 145 -0.4790 none
Masonic Home 10 22 145 -0.6868 5%
Protestant Orphanage 2 10 137 -1.0000 1%
Experiment II (1950-51)
Highland 66 42 150 0.3786 1%
Crescent 70 40 124 0.1934 none
Plaquemine 27 40 118 0.0874 none
Covington 99 39 106 0.4982 1%
Gentilly 111 38 127 0.3290 1%
Woodlawn 52 36 139 0.2994 5%
Bossier 62 33 109 0.3581 1%
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these, a non-significant r was obtained. Several of the 404 subjects in the
earlier study (Experiment I) had had zero values for serum vitamin A.
Assuming that these might be in error, they were omitted from the
computation, leaving 385 subjects. Although the r was lowered from
-0.502 to -0.440, it was found to be highly significant and the relationship
negative.
Previously the data have shown that serum levels of vitamin A ^vere
significantly higher for 12- and 13-year-olds than for subjects 8, 9, 10, or
11 years old and that serum carotene concentrations were found to
decrease significantly ^dth age between 8 and 13 years. This fact may
account in part for the difference in the relationship found for the
subjects in Experiment I and in Experiment II. When r was calculated
for each age group in Experiment I, negative correlations were found
(Table VIII). As is shown in Table IX, the coefficients of correlation for
each school Tvere separated into t^vo groups, those of Experiment I
and those of Experiment II. The difference was not bet^veen school
groups but between groups in Experiment I and in Experiment 11.
Seasonal variations were also ruled out by a comiparison of values
(Table VI). Here again, both the positive and negative relationships
may be observed for individual school groups in each season.
One real difference between the two groups of subjects was in the
range of values. Serum vitamin A concentrations ranged from 0 to 89
mcg.% with a mean of 40.4 ± 17.6 in Experiment I and from 16 to
73 mcg.% with a mean of 37.9 ± 10.2 for Experiment II. The carotene
values were lower for Experiment I ranging from 19 to 245 mcg.%
with a mean of 105.6 zb 40.2 as compared with a mean of 124 ± 45.0
mcg.% for Experiment II.
The data from Experiment II have much more homogeneitv and
for this group of subjects even an inspection of the data sho^v^s that
the higher serum vitamin A levels ^vere accompanied by the higher
values for serum carotene, a trend not observed in the other group.
None of the facts presented answers the question as to whether there
is a definite relationship between these two blood nutrients. They do,
however, offer an explanation as to why both positive and negative re-
lationships and no relationship have been reported in nutritional status
studies. Probably the relationship is a real one and is determined bv the
population samples observed.
In the metabolic studies on preadolescent girls this relationship be-
tween serum vitamin A and carotene was also studied. In Experiments
V, VI and VII, there were 11, 12, and 14 subjects on controlled diets
for 64, 56, and 50 days, respectively. The diets were constant in all
nutrients except protein and contained 3,850, 3,551, and 3,615 I.U. of
vitamin A, respectively. During these experiments several subjects ex-
perienced infections of the respiratory tract accompanied by body tem-
peratures above normal. For each group coefficients of correlations be-
tween serum levels of vitamin A and carotene were determined for:
(1) all subjcts for all periods; (2) ^vhen the girls were febrile; and (3) in
21
TABLE X.-Coe££icients of Correlation of Vitamin A Intake with Serum Vitamin A
and with Serum Carotene for Subjects on Self-Chosen Diets
Vitamin A Intake
Experiment d. f. Serum Vit. A Serum Carotene
II 484 0.77** 0.14*
IV 5 .3283 .3461
V 10 .0799 .2446
VI 11 .1232 .1611
VII 11 -.2503 .2268
**Statistically significant at 1 percent.
*Statistically significant at 5 percent.
Experiment V for those periods when the subjects were free of fever
and infections. The resuhs from Experiment V with 11 subjects showed
that no significant relationship existed between serum vitamin A and
carotene levels, either throughout the entire period or for those periods
when the subjects were well.
Conversely, for the subjects in Experiments VI and VII statistically
significant positive relations were found (Table VIII). Highly significant
positive coefficients of correlation of 0.525, 0.713 and 0.848 existed be-
tween serum vitamin A and carotene in Experiments V, VI, and VII,
respectively, for those periods in which the subjects were febrile. The
elevation of the body temperatures above normal was accompanied
by sharp decreases in serum concentrations of carotene and less dramatic
ones in serum vitamin A (Figures 4 and 5). In Experiment VII, the
elevations of body temperatures and changes in serum concentrations
were definitely less than in the other two; however, the same relation-
ship existed (Table VIII).
2. Interrelationships between Dietary Intakes and Serum Vitamin A
and Carotene Concentrations
The vitamin A value of the diet as calculated from dietary records
was correlated with serum concentrations of both vitamin A and caro-
tene for the 484 subjects for whom both values were obtained in Experi-
ment II, when the subjects were eating self-chosen diets. These same
TABLE XL-Mean Vitamin A and Carotene Values for 351 Subjects at Intervals of
One Week
Coefficient
Mean Value Standard Deviation Standard Error of
Measurement Date 1 Date 2 Date 1 Date 2 Date 1 Date 2 Variability
(Percent)
Vitamin A
mcg./lOO ml 38.3 39.0 ±11.53 ±11.15 ±0.62 ±0.60 16.63
Carotene
meg./ 100 ml 130 130 ±51.19 ±46.63 ±2.74 ±2.49 12.31
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with elevated body temperatures and not receiving antibiotics.
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FIGURE 5.—Serum vitamin A and carotene concentrations for two subjects, 5 and 11,
with elevated body temperatures and receiving antibiotics.
25
correlations were also computed lor the two-weeks period preceeding
each ol the lour metabolic experiments.
From the results ol the survey group, vitamin A value o£ the diet
appeared to be related to the serum vitamin A with a highly significant
correlation of 0.77. A correlation coefficient of 0.14 was found between
the vitamin A value of the diet and serum carotene. Although statisti-
cally significant, this latter r was much less than those found non-
significant for the relatively few subjects on self-selected diets prior to
controlled regimen of the metabolic studies (Table X). None of the
correlations between the vitamin A intake of the preliminary diets
and either the serum vitamin A or serum carotene concentrations were
statistically significant. During each of the metabolic studies the girls
consumed the same amounts of vitamin A, so such correlations could
not be calculated.
III. Weekly Variation in Serum Concentrations
The determinations for serum vitamin A and carotene were repeated
at an interval of a week for 351 of the school children examined during
1950-1951 (Experiment III). The means of the concentrations for each
week are presented in Table XI. The individual variations of serum
vitamin A and carotene levels found for the same child at the one-week
interval are tabulated in Tables XII and XIII, respectively.
Mean serum vitamin A values for the replicated determinations were
38.3 and 39.0 mcg.% with standard deviations of 11.5 and 11.2 mcg.%,
respectively (Table XI). The average weekly difference in serum vitamin
A for individual subjects was 10.3 mcg.%, with 58 percent of the cases
having less variation. Of interest is the fact that the majority of cases
with the greatest weekly deviation were those with the highest vitamin
A serum concentration (Table XII). Sixty-five percent of the duplicate
determinations on each blood sample showed a difference of less than
5 mcg.%, which is less variation than that found in the repeated analyses
at a w^eekly interval.
Table XIII presents the distribution of cases according to weekly
variations in carotene concentrations. The average deviation in caro-
tene was 19.4 mcg.%. For approximately two-thirds of the subjects, the
weekly variation was less than this average. The weekly variations were
greater than the difference found between duplicates, as 93 percent of the
duplicate determinations on individual serum samples varied less than
10 mcg.%.
Recognizing that the variability of the results was due in part to
differences among children, in part to differences between the time or
dates determinations were made, and in part to the uncontrolled error
of the biochemical analysis, an analysis of variance (27) was used to ap-
portion the total variance (Table XIV). In both cases, the F value or
variance ratio among children had a probability of less than 1 percent
that the differences were due to chance variation alone. Consequently,
it is evident that there were real differences among the children in all
26
nutritional levels. Conversely, differences between dates, that is at a
weekly interval, could be attributed to chance variation, as the variance
ratio was less than that required at the 5 percent level of probability.
In the instance of the carotene values, the variance between dates was
less than that which could ordinarily be attributable to chance variation.
The means for the two dates were identical, 130 mcg.%, with standard
deviations of 51 mcg.% and 47 mcg-^^, respectively (Table XI).
An analysis of variance of duplicate determination values for vitamin
A and carotene showed no significant differences between duplicates for
each serum sample. The magnitude of the error, however, was greater
for vitamin A than for carotene, the latter being quite small.
Utilizing another measure of the uniformity of data, the coefficient of
variation was also calculated (Table XI). As a criterion for reliability, at
a cursory glance, the percentage for vitamin A may seem rather high.
The amount of experimental error for the vitamin A method, although
not statistically significant, influenced this value to some extent. When
the range of values obtained for both vitamin A and carotene was
considered, these coefficients of variation did not appear excessive.
They do indicate the relative standard variation that may be expected
for these two biological factors in the blood serum of growing children
on unrestricted diets.
IV. Numbers of Samples Needed for Reliable Values
In a study of the nature and magnitude of variation in serum vitamin
A and carotene in preadolescent children, it is vital to know if a
sufficient number of subjects and of sample duplicates from these sub-
jects have been analyzed to draw valid conclusions. Also from the view-
point of economy of time, labor, and money, it is useful to know the
relative number of determinations needed in terms of sample duplicates,
number of subjects, and replicated sampling from the same subjects.
TABLE XIV.-Analysis of Variance of Results of Replicate Sampling of Blood of 351
Children at Intervals of One Week
Number Analysis of Variance
of Mean Degrees of Mean
Source of Variation Cases Value Freedom Square
Vitamin A: meg./ 100 ml 702 38.7
Among Children 350 175.06*
Between Dates 1 84.63
Error 350 82.41
Carotene: meg./ 100 ml 702 130
Among Children 350 4167.4*
Between Dates 1 4.0
Error 350 512.2
*Statistically significant at 1 percent.
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TABLE XV.—Analysis of Variance of Vitamin A on a Per Determination Basis
Source d. f. M. S. Composition of M. S.
Subjects
Weeks in Subjects
Duplicates
350
350
40
192.5
90.6
25.7 0-d2
(o-d2
_|_ k^ a-w2
-I-
2k^ Ors2)
(0-d2
_|_ k^ 0-W2)
k = harmonic mean, a weighted average number determinations per sample.
1
1_S
N
^d'-' = 26, variation between duplicate determinations on same serum sample.
*^w- — 59, variation between samples taken a week apart.
^s2 — 46, variation among subjects.
TABLE XVI.—Analysis of Variance of Serum Carotene on a Per Determination Basis.
Source d. f. M. S. Composition of M. S.
Subjects 350 4584.1 (0'd2
-|_ k^ 0-W2 _|_ 2k^ 0-S2)
Wrecks in Subjects 350 563.4 (0'd2
-j- k^ 0-W2)
Duplicates 41 13.0 (T(i2
k — harmonic mean, a weighted average number determinations per sample.
1
1 S k
N
— 13, variation between duplicate determinations on same sample.
°^w2 := 500.4, variation between samples taken a week apart.
^s2 = 1827.6, variation among subjects.
Such an analysis was made of the data collected, and its statistical
evaluations in the weekly variations of serum vitamin A and carotene
were presented in Part III. As was stated, the blood samples were
drawn from each child exactly 7 days apart, but on different dates for
different groups of children. Of the total 351 serum samples analyzed
for each child on two dates, 40 and 41 of these analyses for vitamin A
and carotene, respectively, were done in duplicates.
Since the previous statistical treatment was done on mean values for
each child, part of which was the average of duplicate values, the mean
squares obtained had to, be multiplied by a "harmonic mean" or k
number of determinations in order to put them on the same basis as the
mean square for "duplicates." With the variance components deter-
mined (Tables XV and XVI), the relative number of subjects (s), times
of analysis (w) and duplicates needed (d) were calculated in the follow-
ing manner.
1. To decide the relative number of times (weeks in this study) (w)
in proportion to the number of duplicate determinations on the same
sample (d), the following equation was used:
variance of a subject mean = +
w d\v
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Tables XYll and XMII give these computations for serum carotene
and vitamin A.
TABLE XVII.—Ratio of the Variance of the Subject Mean for Carotene
No. Det'm Day
(Analysis on
Same Sample)
Xo. Times f-^veeks here) (^s')
1 2 4 6
1 513.U 257.0 128.0 85.0
2 507.0 253.0 126.0 84.0
4 503.0 251.0 125.8 83.54
From Table XMI it can be seen, in the case of carotene determina-
tions, that t^\-o different measurements (t^\-o ^s-eekly ones in this experi-
ment) Ts'ould be much more important than duplicates on the same
sample. In each instance increasing the A\-eeklv measurements gave
a value that differed less from the mean in such a proportion as to
justif\ increasing the number of times samples were to be taken for
analvses. Ho^\-ever, increasing the number of repeated determinations
on a given sample ^vould not accomplish very much. Nothing ^vill be
gained in repeating determinations on samples ^vdien the technique used
in a given laboratory has been proven to give results that vary as slightly
as ^\'as the case in this ^vork.
TABLE XVni.—Ratio of the Variance of the Subject Mean for Vitamin A
Xo. Det'm Dav
Xo. Times (weeks here)
1 2 4 6
1 85 43 22 14
2 72 37 18 12
4 66 33 16.6 11
For serum vitamin A, the variance in duplicates of the samples Tvas
larger than that for carotene and the variance bet^veen subjects -^vas
much smaller. It ^vas found again, ho^iv-ever, that increasing the number
of times blood serum of a subject ^\-as sampled ^vas more important than
making duplicate analyses on the same sample. The smaller ratio indi-
cated that a single determination run on four samples taken at different
times ^vould give a more valid ans^^-er than duplicate determinations on
two samples taken at different times; the ratios being 22 to 37.
2. To decide the relative number of times (\v) in proportion to the
number of subjects (s) the folloAving equation Tvas employed:
variance oi a treatment mean = —j + + —
In using this equation it is assumed (d) is a constant. In the present
experiment the mean squares have been ^veighted for (d) to have a
constant value ol 2. However, lor comparison, values are also given as-
suming (d) has a value of 1 (Tables XIX and XX).
TABLE XIX.—Ratio of the Variance of a Treatment Mean for Carotene
No. Weeks
(w)
No. Subjects (s) d=2 No. Subjects (s) d=l
5 10 50 5 10 50
1 467.0 233.6 47.13 475.2 234.0 47.2
2 416.7 200.3 42.07 417.4 200.7 42.0
4 391.3 196.2 40.03 391.6 196.3 40.0
10 376.1 188.4 38.00 376.6 188.1 38.0
From these ratios (Tables XIX and XX) it can be easily determined
that increasing the number of subjects from which samples are drawn
is more important than taking several samples from the same subjects.
Relatively little is to be gained toward securing a smaller variance by
increasing the number of serum carotene samples taken from a given
subject from 4 to 10. At the same time, doubling the number of sub-
jects from 5 to 10 gives a decidedly smaller variance ratio. Comparison
of the two groups of figures demonstrated that the use of duplicate
analyses for carotene did not give a better value than the single deter-
mination even with as few as 10 subjects on two dates or 5 subjects on
four dates.
TABLE XX.—Ratio of the Variance of a Treatment Mean for Vitamin A
No. Weeks No. Subjects (s) No. Subjects (s)
(w) d=2 d=l
5 10 20 50 20 50
1 26.0 12.3 5.9 2.6 6.5 2.8
2 16.4 8.2 3.8 1.6 4.1 1.7
4 12.9 6.4 3.1 1.3 3.2 1.3
For vitamin A a single determination run on samples from 20 subjects
taken on four different dates (w) would give a slightly more valid mean
than duplicate determinations on 20 samples taken on two different
dates, the ratio being 3.2 to 3.8. With as many as 50 subjects, virtually
nothing would be gained by running duplicate analyses on the same
serum sample.
3. In determining the number of subjects needed, the following facts
were considered:
In all experiments on nutritional status and particularly in studies
dealing with surveys of large populations, one is always concerned about
the number of subjects needed for dependable answers. The mean serum
concentrations for the 351 subjects in this work were 130 mcg.% and
39 mcg.%, respectively, for carotene and vitamin A.
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If the accuracy desired was that within 10 percent of the mean 95
percent of the time, the number needed for carotene could be deter-
mined by the equation:
13 + 500.4 + 1827.6
variance of a treatment mean = —^
swd s^v s
This is also the equation used in determining the ratios for (w) and (s)
in Tables XIX and XX. For these calculations it can be seen that a
total of 50 subjects with two measurements on different dates will give
a mean for serum carotene meeting this degree of accuracy. This holds
for a population group with a range in carotene values as great as the
one sampled in Experiment III; that is, 23 to 414 mcg.%. For vitamin
A sx ' is 3.8 mcg.%. A minimum of 20 subjects, with determinations
(w) made on two dates and run in duplicate, would give a mean serum
vitamin A value within 10 percent of the true mean 95 percent of the
time. If as many as 50 subjects are used and their serum vitamin A
concentrations are determined at least twice, having duplicate values
for these analyses would not improve the accuracy of the mean value
over that obtained from a single determination per sample. Mean
values obtained in either case would be nearer to the true value than
criteria set in the instance cited above.
The most expensive part of a survey is the cost of sending a survey
team to the different areas. The drawing of blood samples for 50
subjects by finger-tip puncture on one day is no more costly than
obtaining 20 samples on the same day. The ratios between subjects and
number of measurements (w) in Table XX show that a mean obtained
from 50 subjects at any one time is closer to the true value than one
obtained from 20 subjects for whom two or even four different determina-
tions were made.
The cost in materials and laboratory hours is approximately the same
per single determination whether the serum in question is a sample
duplicate, subject duplicate or replicate or a single serum sample from
one subject. For a mean carotene serum concentration, the use of 1
determination on 50 subjects is approximately eight times more efficient
in establishing a mean serum value that is stable than is use of 10
measurements on 5 subjects.
Such a study of data emphasizes the need of determining the rela-
tionship of these measurements in terms of number of subjects, deter-
minations per subject and per sample and to use the results obtained
in an effort to control efficiency of data, costs, and time consumed.
The analyses just presented showed the variations found in non-
fasting blood samples from a population sample of Louisiana school
children ranging in age from 8 to 11 years and eating self-chosen diets.
The variations found on fasting blood samples taken at closer intervals
from a selected group living on a constant dietary regimen might be
entirely different. The variations found for such a group of 37 girls con-
suming approximately 3,770 I.U. of Vitamin A have been calculated
and are presented in Part V.
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V. Variations of Serum Vitamin A
And Carotene Concentrations on Controlled Dietary Regimens
Almost without exception, eacli subject who participated in the three
metaboUc studies (Experiments V, VI, VII) cooperated to the fullest.
Consequently, the results included continuous blood serum data over
periods of 50 to 64 days. Serum vitamin A and carotene were determined
at the beginning of each 4- or 6-day dietary period. Therefore, each
individual's mean value (Table XXI) was based on from 8 to 16 repli-
cates.
Subjects No. 1 through No. 23 had daily intakes of 3,850 I.U. of
Vitamin A with all other nutrients meeting or exceeding the allowances
as given by the National Research Council (5). The daily intakes of
vitamin A averaged 3,615 I.U. for subjects No. 24 through No. 38.
Their average daily diets as analyzed supplied 22.1 gm. of protein and
2,200 calories. All other nutrients were present in the same amounts as
the controlled diets of the other subjects.
There were highly significant differences in both serum vitamin A
and serum carotene concentrations between individuals. The serum
carotene had greater individual variations than serum vitamin A (Figures
6 and 7). No significant differences were found within individual sub-
jects (between periods) for either vitamin A or carotene levels for
subjects No. 1 through No. 23, but the F value for carotene was only
slightly lower than the value required for significance at the 5 percent
level of probability. The serum levels of both vitamin A and carotene
did vary significantly within individuals as well as between periods for
subjects No. 24 to No. 38 in Experiment VI.
From the data recorded in Table XXI the magnitude of the differ-
ences between subjects as well as that of the range for each individual
may be studied. For both vitamin A and carotene the difference of
the means between subjects was large. For vitamin A the range of the
means was from a low of 20 mcg.% for subject No. 33 to a high of
72.5 mcg.% for subject No. 18. Mean serum carotene blood levels
ranged from a low 71.8 mcg.% for subject No. 35 to a high of 253.5
mcg.% for subject No. 14. The mean seurm vitamin A values for sub-
jects No. I through No. 23 were quite similar and were approximately
50 percent higher than values for subjects No. 25 through No. 38.
Although these latter values could not be considered critical, they
were definitely lower than the value which indicates good nutritional
status in relation to blood levels of vitamin A. Subjects No. 12 through
No. 23 (Experiment VI) had good serum carotene values which were
higher than both the other two groups.
Serum vitamin A levels on intakes of 3,850 I.U. and a constant dietary
regimen "adequate" in all nutrients, remained fairly constant for each
individual when free of fever. However, different subjects maintained
different levels, varying as much as 33 percent. Even if vitamin A con-
centrations were considered characteristic of the individual (4) there were
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TABLE XXI.—Serum Vitamin A and Serum Carotene Concentrations for Individual
Subjects on Controlled Dietary Intakes
Serum Vitamin A Serum Carotene
meg./ 100 ml. meg./ 100 ml.
Subject No. Mean S.D. Range Mean S.D. Range
Experiment V
1 49 5 41-59 130 5 122-137
o
/
1 71 / f;9 Q7
3 47 4 41-53 112 20 78-134
4 52 4 47-59 157 14 136-173
5 52 4 47-58 114 37 67-148
6 49 6 44-60 104 26 52-124
7 58 6 50-65 144 9 130-152
8 51 4 45-61 96 4 88-102
9 51 6 40-61 118 9 102-130
10 60 3 57-65 156 9 146-169
11 58 2 54-61 135 13 111-151
Group 53 6 39-65 123 29 52-173
Experiment VI
12 44 9 22-57 142 18 109-173
13 45 5 31-53 152 27 84-184
14 49 7 40-67 254 10 238-276
15 54 9 28-70 200 46 106-251
16 51 6 38-60 235 31 159-271
17 53 6 46-68 210 18 158-234
18 72 16 56-80 173 10 159-194
19 47 5 36-57 152 7 139-160
20 43 7 33-60 118 18 76-147
21 44 3 36-49 178 22 138-212
22 54 4 43-60 197 11 183-219
23 52 5 44-65 164 16 120-182
Group 51 10 22-80 181 44 76-276
Experiment VII
24 34 4 28-41 131 11 114-147
25 31 2 29-33 139 18 120-156
26 27 3 23-30 104 12 90-123
27 32 4 26-36 120 13 102-139
28 25 5 18-34 99 6 91-108
29 30 8 18-42 115 13 98-134
30 25 6 16-33 93 17 72-126
31 38 9 24-55 122 27 89-166
32 30 8 20-42 126 16 97-143
33 20 6 11-30 77 9 66-91
34 28 5 22-34 100 6 93-111
35 21 5 16-31 72 8 65-90
36 24 6 16-33 116 16 93-145
38 27 9 13-40 102 30 74-158
Group 28 7 11-55 107 23 65-166
Summary
Entire Group 42 12 11-80 136 43 52-276
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at least 4- or (3-day fluctuations in the serum levels of the 38 individual
subjects while on constant dietary regimens.
The vitamin A serum concentrations appeared to be more stable
and therefore a more accurate measurement of vitamin A status of
children than serum carotene levels. Agnes Fay Morgan [10) has written:
"Usually the circulating levels of vitamin A and carotene are of
similar magnitudes; that is high levels of vitamin A often are present
when the carotene levels are high. This is not always true, however,
since the serum carotene reflects only the recent and current intake
of the green and yellow vegetables and fruits, main sources of caro-
tene, while the vitamin A level represents the physiologically active
form of the vitamin, produced by intakes of both animal Vitamin A
from milk, fat, fish oils, egg yolk, and liver and by transformation in
the body from the carotene obtained from certain vegetables and
fruits, egg yolk, and to some extent also from milk fat. A current or
recent change in dietary carotene may raise or lower the level of
that substance in the blood without effect upon the serum vitamin A.
The latter is therefore the true criterion of vitamin A nutriture, the
former only of current carotene intake."
The mean serum values for the girls in these metabolic studies varied
less and were higher than were the means of the survey group. The
means for these girls were: vitamin A, 42 ±: 12 mcg.%; carotene, 136 ±
43 mcg.% as compared with 38 ± 14 and 115 ± 45 mcg.%, respectively,
for the survey group (Figures 6 and 7).
Summary
Data from surveys of nutritional status of 959 preadolescent Louisiana
boys and girls and metabolic balance studies of 37 girls, 7 to 10 years
of age, have been presented:
1. to describe the relationship of age, sex, season of the year, and
location in school within four agricultural areas of Louisiana, to
the serum levels of vitamin A and carotene;
2. to determine coefficients of correlation between
(a) serum concentrations of vitamin A and carotene
(b) dietary intake of vitamin A and carotene and serum levels;
3. to characterize the magnitude of variations in serum concentrations
of vitamin A and carotene
(a) in non-fasting blood samples from children on self-chosen diets
(b) in fasting blood samples from girls on controlled intakes;
4. to define the size of sample and number of repeated measurements
needed to yield reliable values.
The mean serum concentrations of vitamin A increased significantly
from 38.3 mcg.% for the 8-year-olds to 45.9 mcg.% for the 13-year-olds.
For carotene a converse trend was seen; the mean dropped from 126.8
mcg.% for 8-year-olds to 99.2 mcg.% for 13-year-olds.
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No statistically significant differences were found between the mean
serum levels for boys and girls. However, the males had higher mean
carotene concentrations than did the females within each age group.
There were statistically significant differences in the serum levels of
both the preformed vitamin A and carotene for subjects living in differ-
ent agricultural areas of Louisiana.
No real seasonal difference was found for serum levels of vitamin A,
but the mean serum carotene was highest in the fall months.
Both positive and negative coefficients of correlation between serum
vitamin A and serum carotene were found for non-fasting blood samples
from individuals on self-chosen diets. Significant positive correlations
were found for preadolescents of similar age and sex on a constant
regimen meeting their daily dietary needs. Elevations of body tempera-
tures above normal have been shown to lower both vitamin A and
carotene blood levels. Under such circumstances a direct parallelism
existed between the two levels. From the results of the survey group,
vitamin A value of the diet appeared to be significantly related to the
serum vitamin A. None of the correlations between the vitamin A
intake, on self-chosen diets for two weeks previous to the metabolic
balance studies, for either serum vitamin A or carotene were statistically
significant.
Among the survey subjects the range of serum levels of vitamin A
and carotene was 0.0 to 99 mcg.% and 23 to 414 mcg.% with means of
38.3 ±13.9 and 115.2 d.- 44.5 mcg.%, respectively.
Girls 7 to 10 years of age on controlled dietary intakes averaging
3,770 I.U. of vitamin A maintained mean serum concentrations of
vitamin A ranging from 20 mcg.% to 72 mcg.% and averaging 42 ±: 12
mcg.%. The mean carotene values for the same subjects ranged from
72 mcg.% to 254 mcg.% and averaged 136 ± 43 mcg.%. The extremes
of the levels of these two constituents in blood serum were 11 to 80
mcg.% for vitamin A and 52 to 276 mcg.% for carotene.
Replicates of mean vitamin A serum values at a weekly interval for
351 children averaged 38.3 ± 11.5 mcg.% for the first analysis and
39.0 ±11.2 mcg.% for the second. Replicates of the mean carotene serum
values were identical, 130 mcg.%, with standard deviations of ± 15.2
mcg.% and 46.6 mcg.% for the first and second replicates, respectively.
Results of this study indicated that for a survey study using techniques
of comparable accuracy, 50 subjects with two measurements on differ-
ent dates will s^ive an average value for serum carotene within 10 percent
of the mean 95 percent of the time. This holds for a population with
a range in serum carotene as great as 23 to 414 mcg.%. A minimum of
20 subjects with determinations made on two dates and run in duplicate
would be required for the same degree of accuracy for serum vitamin A.
If as many as 50 subjects were used, duplicate values for the analyses
would not improve the accuracy of the mean value over that obtained
from a single determination per sample. For carotene values the single
sample determination gave as reliable a mean as did duplicated ones.
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